Introduction: Micropapillary bladder cancer (MPBC) is a variant histology of urothelial carcinoma (UC) that is associated with poor outcomes however given its rarity, little is known outside of institutional reports. We sought to use a population-level cancer database to assess survival outcomes in patients treated with surgery, radiation therapy and/or chemotherapy. Materials and Methods: The National Cancer Database (NCDB) was queried for all cases of MPBC and UC using International Classification of Disease-O-3 morphologic codes between 2004-2014. Primary outcome was survival outcomes stratified by treatment modality. Treatments included radical cystectomy (RC) with or without neoadjuvant chemotherapy (NAC) or adjuvant chemotherapy (AC). Results: Overall 869 patients with MPBC and 389,603 patients with UC met the inclusion criteria. Median age of the MPBC cohort was 69.9 years (58.9-80.9) with the majority of the cohort presenting with high-grade (89.3%) and muscle invasive or locally advanced disease (47.6%). For cT1 MPBC, outcomes of RC and BPS were not statistically different. For ≥cT2 disease, NAC showed a survival benefit compared with RC alone for UC but not for MPBC. On multivariable analysis, MPBC histology independently predicted worse increased risk of death. On subanalysis of the MPBC RC patients, NAC did not improve survival outcomes compared with RC alone. Conclusions: Neoadjuvant chemotherapy utilization and early cystectomy did not show a survival benefit in patients with MPBC. This histology independently predicts decreased survival and prognosis is poor regardless of treatment modality. Further research should focus on developing better treatment options for this rare disease.
INTRODUCTION
Micropapillary bladder cancer (MPBC) was first described as a distinct histological subtype of [1] . While there are 74,000 new bladder cancer cases expected in 2015 [2] , the micropapillary variant is rare and has been estimated to represent 0.01-2.2% of urothelial tumors [1, [3] [4] [5] . This subtype of urothelial carcinoma has been associated with a higher stage at diagnosis and increased risk of metastatic disease, even if it comprises only a small fraction of the overall tumor volume [4, [6] [7] [8] .
The literature on MPBC is dominated by single institution, retrospective studies from tertiary centers, the largest of which included 100 subjects [4, 6, [8] [9] [10] [11] . At the population level, two studies in 2011 and 2015 have queried the Surveillance, Epidemiology, and End Results (SEER) 17-database registry but were only able to compile 120 and 98 patients, respectively, giving them similar sized cohorts to prior single institution experiences [3, 12] .
Evidence from large randomized trials published in the past decade and a half has supported the use of neoadjuvant chemotherapy (NAC) for ≥T2 disease, however, the utility of such an approach with variant histology, and specifically MPBC, remains unclear [13] . The poor prognosis of MPBC and disparities in treatment response may be explained by underlying differences in tumor biology between UC and MPBC [14] . The available literature is limited to retrospective subgroup analyses of those same randomized trials and, as such, the results have been mixed [11, 15] .
The current body of evidence on MPBC is constrained due to the rarity of the disease. There remains significant work in studying the prognostic significance and possible treatment strategies of this variant. We sought to retrospectively assess the survival outcomes of MPBC stratified by treatment modality. For cT1N0M0 patients, we hypothesized that immediate RC may provide a therapeutic benefit whereas the addition of NAC for locally advanced disease (≥cT2) may confer a survival advantage.
MATERIALS AND METHODS

Dataset
The National Cancer Database (NCDB) captures over 70% of all new invasive cancer diagnoses annually from any of the over 1,500 programs participating in the American College of Surgeons Commission on Cancer approvals program. The database ranges from 2004-2013. Available data include patient-level demographics, facility characteristics, cancer-specific information and treatment modality [16] .
Cohort
We identified 439,188 patients with bladder cancer diagnosed between 2004-2013. Using International Classification of Disease-O-3 (ICD-O-3) morphologic code 8131 we identified 869 patients with identified as having micropapillary bladder cancer. Urothelial carcinoma cases were identified using ICD-O-3 codes 8050, 8120 and 8130. For the survival analyses we wished to focus on a cohort of localized bladder cancer (cTis-cT4, cN0, cM0) and as such excluded patients with clinically positive lymph nodes or metastatic disease at the time of diagnosis. In addition patients with a concomitant diagnosis of a non-bladder malignancy were also excluded.
Outcomes
Our primary outcome was overall survival after diagnosis of bladder cancer. Overall survival was defined as the time from diagnosis to last followup (last known alive date or date of last contact). Secondary outcomes included treatment patterns. Definitive surgical intervention was defined as radical cystectomy, partial cystectomy or transurethral resection of bladder tumor. These latter two were collapsed into bladder preservation surgery (BPS) for survival analyses. We were able to determine the timing of when, if ever, chemotherapy was administered and classified those patients into NAC (prior to surgery) or adjuvant chemotherapy (AC; ≤3 months after surgery). Utilization of either chemotherapy or radiotherapy was collapsed into use of multimodal therapy (MMT).
Independent variables
Patient level demographic information included age, race, county characteristics, year of diagnosis, location, insurance status, Deyo-Charlson Comorbidity Index (CCI). County characteristics included income and high school graduation rates which were derived from U.S. Census data from the year 2000 or 2012. Cancer facility characteristics included type, geographic location, and distance from home to facility. Facility types are defined based on the volume of patients per year as comprehensive (>500), community (100-500) and academic (>500). Patient location was defined by hometown population metropolitan (>250,000), urban (>2,500) or rural (<2,500). Facility location was collapsed into northeast, south/southeast, Midwest and west. Academic programs additionally were defined as providing graduate medical programs in at least four areas. Cancer-specific information included American Joint Committee on Cancer (AJCC) clinical and pathological stage.
Analysis
We first described the demographic characteristics of patients diagnosed with MPBC and then used Chi-square (categorical) and student's t-test (continuous) for univariate comparison. For all multivariable and survival analyses, we excluded patients based on the criteria above. To compare overall survival stratified by clinical T stage and treatment, KaplanMeier survival analysis and stratified log-rank tests were used. Predictors of overall survival were identified using a multivariable Cox proportional hazards model. Independent predictors in the model included age, race, clinical T stage, CCI score and treatment modality. For all statistical measures, p-value < 0.05 was considered statistically significant. All analyses were performed using SPSS v23.0. Given the retrospective nature of this project, it was deemed exempt by our institutional review board.
RESULTS
Of the 439,188 bladder cancer cases included, 389,603 (88.7%) and 869 (0.2%) patients were diagnosed with UC and MPBC respectively ( Table 1 ). The mean age at diagnosis for all UC was 71.1 (±11.8) years and for MPBC only was 69.9 (±11.0) years. The sample was predominantly male, white and from metropolitan regions. For MPBC, clinical T-stage was ≤T1 in 41.2%, T2 in 35.4% and ≥T3 in 11.0% at the time of diagnosis. The overwhelming majority of the patients had high-grade disease (89.3%), with 9.1% node positive and 4.7% metastatic at diagnosis. Compared with the bladder preservation group, patients undergoing RC were significantly younger (mean age 67.4 ± 10.0 yrs v. 71.9 ± 11.2 yrs, p < 0.001) and more likely to be managed at an academic/research center (61.1% v. 46.4%, p = 0.005). For cancer-specific characteristics, the RC group was more likely to have high grade disease (98.8% v. 89.3%, p < 0.001) and had higher T-stage at diagnosis. Compared to UC, MPBC patients were more likely to present at ≥cT2 (47.6% of MPBC patients compared to 15.1% of UC; p < 0.001), with cN+ disease (9.1% v.s. 2.0%; p < 0.001) or with distant metastatic disease (4.7% v.s. 2.4%; p < 0.001).
For the 348 MPBC and 205,144 UC patients included in the survival analysis, median overall survival was 44.7 months (95% CI 33.4-56.0) and 91.9 months (95% CI 91.1-92.7) respectively (Table 2) . On sub-analysis by clinical T-stage the median overall survival diminished with increasing T stage across both cohorts, though notably survival between UC and MPBC was not significantly different by log-rank test.
The Cox proportional hazards analysis of overall risk of death for all bladder cancer diagnoses and MPBC alone are displayed in Table 3 . For both models, increasing age and T-stage were predictors of increased risk of death. Additional factors reaching statistical significance as predictors of death in the combined model were non-white race, increased CCI and other insurance status, tumor grade and micropapillary histology (HR 1.256, 95% CI 1.032-1.530, p = 0.023).
In comparing outcomes of BPS vs RC in cT1 disease ( Fig. 1) , BPS did not reach median survival while median survival for RC patients was 44.7 months (95% CI 32.4-57.0, log rank p = 0.058). The pathologic upstaging rate was 61.8% with the following final pT stage distribution: 5.9% pT0, 5.9% pTis, 32.4% pT1, 17.6% pT2, 20.6% pT3 and 14.7% pT4. Positive lymph nodes were found in 32.4%.
On survival analysis of the RC patients with ≥cT2 disease (Fig. 2) , there was a statistically significance increase in median overall survival for the UC group that received NAC compared with RC alone (log rank p < 0.001). There was no such survival difference between NAC and RC alone observed in patients with ≥cT2 MPBC (log rank p = 0.581). A slightly higher proportion of advanced MPBC received NAC however this was not statistically significant (34.5% v.s. 29.6%; p = 0.256). The pT0 rate was 12.5% (4/32) for the NAC group compared to 0% (0/64) for the NAC group.
While high-grade disease (HR 1.230, 95% CI 1.049-1.442), increasing age (HR 1.019, 95% CI 1.015-1.023) and increasing CCI were associated with increased hazards of death for all patients with UC or MPBC bladder cancer (Table 4) , use of NAC was not significantly associated with improved survival and AC predicted a decreased hazards of death (HR 0.845, 95% CI 0.776-0.921. Micropapillary histology was not an independent predictor of survival. For MPBC patients alone, neither NAC nor AC were significant predictors of overall survival.
DISCUSSION
Micropapillary bladder cancer is a rare histologic subtype of bladder cancer with a poorer prognosis and more aggressive clinical course than traditional UC [12, 17] We have described the largest cohort of patients with MPBC reported to date in the literature with baseline disease characteristics for 869 patients and survival analysis on 348 patients. MPBC was associated with a more advanced stage at diagnosis than in conventional UC as shown in our own data and in the previously published literature [12] . The poor prognostic significance of MPBC is evident from a median overall survival that is nearly half that of conventional UC (44.7 v. 91.9 months, p < 0.001).
The earliest population-level analyses was performed in 2013 using the SEER database and [12] . There was no difference in overall survival between MPBC and conventional UC for ≥T2 disease but MPBC did have significantly shorter mean OS (45.1 v. 52.7 months, p = 0.0014). On initial diagnosis, MPBC was more likely than UC to be high grade (86.1% v. 38.7%, p < 0.0001) and in those patients who were diagnosed with low grade MPBC the prognosis was no different than that of high-grade disease. The T-stage at diagnosis was ≥cT2 in 50.0%, a similar percentage of muscle invasion at initial presentation to what was found in the current study.
More recently in 2015, Wang and Wang [3] combined 98 patients from the SEER 17 database with 213 patients from 11 studies published between 1980 and 2011. They reported an overall survival rate of 84.5%, 57,3% and 42.3% at 1-, 3-and 5-years, respectively. On multivariable analysis, the only predictors associated with an increased risk of death were tumor stage ≥T2 (HR 4.69, 95% CI 1.01-21.8, p < 0.05) and being unmarried. Because the SEER database does not capture chemotherapy utilization, neither of these SEER studies were able to control for the effect of systemic chemotherapy on outcomes.
Regarding optimal treatment for MPBC, there are two pressing questions to answer: does early radical cystectomy improve outcomes in non-muscle invasive MPBC and is there a role for NAC in MPBC? Kamat et al. [17] have advocated for early RC in patients diagnosed with non-muscle-invasive MPBC based on their single institution experience with 44 patients in which 67% (18 of 27) of the patients who chose upfront intravesical Bacille Calmette-Guerin (BCG) progressed to muscle invasion. At the time of cystectomy, those 18 patients were compared to 12 who had undergone immediate cystectomy and found to have a nonsignificant trend towards improved survival in the immediate cystectomy group (5-yr CSS 60% v. 72%, p = 0.39). An update of the M.D. Anderson MPBC series in 2014 focused on n = 72 cT1N0M0 cases. Upfront RC was utilized in 36% (n = 26) while 55% (n = 40) received primary BCG [18] . In the primary BCG cohort, 45% progressed to muscle-invasive disease and 35% developed lymph node metastasis. At 5 years, disease specific survival was 62% for the delayed RC group compared with 100% for the upfront RC group (log rank p = 0.015). However the Memorial Sloan Kettering Cancer Center reported on their experience with n = 36 patients with non-muscle invasive MPBC in 2014 [19] . Early RC was utilized in n = 15 and conservative therapy in n = 21. They found that five-year disease specific mortality (17% vs 25% respectively; p = 0.08) and the five-year incidence of metastasis (21% and 34% respectively; p = 0.09) were not significantly different between the groups. Though we were not able to ascertain who received intravesical therapy and therefore unable to directly compare our studies, we did not detect a survival difference between early RC and BPS. However our analysis was limited by the identification of only 33 patients with cT1 MPBC who underwent RC and such a small sample may result in sampling bias.
Neoadjuvant chemotherapy in MPBC is controversial, with a recent survey of members of the Society of Urologic Oncology showing that only 50% recommend NAC followed by radical cystectomy for cT2 disease [13] . While micropapillary histology is a high-risk feature of bladder cancer and these patients may serve to benefit the most from NAC, [20] a recent study of predictors of pT0 after NAC found that variant UC histology predicted against pT0 compared to pure UC (OR 0.09, 95% CI 0.021-0.380) [21] . The same group from MD Anderson Cancer Center reported on 100 patients with MPBC diagnosed at their institution from 1989 through 2004 [11] . There was no survival advantage for NAC versus RC alone but in patients with non-muscle invasive disease a strong trend favoring immediate RC was noted despite a downstaging rate of 61% in the NAC group. Additionally, while there was a statistically significant improvement in survival for patients treated with NAC prior to RC in the all UC model, we found no such benefit if the cohort is limited to patients with MPBC. Despite what we have observed on a population level, a recent study of 82 patients treated at Memorial-Sloan Kettering found that NAC may be useful in MPBC [15] . In their cohort, patients who received NAC were more likely to have pT0 at the time of RC when compared to immediate RC.
Their analysis failed to show any difference in survival between NAC and immediate RC but there was a significant improvement in OS for patients who achieved pT0. This would suggest that NAC may be useful yet for MPBC.
Despite using a population database, our treatment analyses were limited by a small sample size, which limited the potential for a more robust survival outcomes analysis. In addition, an important limitation of our database is a lack of other variables, such as performance status, renal function and post-operative complications which may affect both treatment utilization and survival outcomes. In particular, we could not control for performance status, which is the most important factor in deciding to use perioperative chemotherapy [22] . The lack of disease specific survival in the NCDB limited our study of patient outcomes. The database did not capture intravesical therapies or the dose/type of chemotherapy or radiotherapy, which limits our interpretation of our results. Though we did control for patient comorbidity using the CCI, the NCDB does not allow for review of individual patient medical records and as such there remains the possibility that treatment outcomes may be confounded by indication. Because the NCDB receives data from a heterogeneous group of cancer centers and does not undergo a central pathologic review, there may not have been a consistent identification of MPBC. Variant histologies have been found to be underreported outside of academic institutions [23] . Even within a large academic center, the interobserver agreement was only moderate with "non-classic" MPBC [24] . Our database also did not define the type or frequency of chemotherapy, which may affect survival outcomes.
CONCLUSIONS
In a population-level analysis, early RC in cT1 MPBC showed no survival differences and NAC prior to RC did not provide a survival benefit in ≥cT2 MPBC. Prognosis for this variant is worse than for UC. Further research should involve prospective trials evaluating the potential treatment options for this rare but aggressive subtype of bladder cancer.
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